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© Display device. 

© A display device has a lattice of pixel elements (20) each selectably settabte. A method of operating the 
device comprises the steps of receiving a signal representing a picture for display and time-multiplex addressing 
collections of pixel elements a plurality of address times for each picture. The addressing step includes setting a 
group of collections, said group consisting of a plurality of collections spaced apart in the addressing sequence 
such that the collections in said group form a series with adjacent collections having a temporal separation in the 
addressing sequence exhibiting a geometric progression with a common ratio N being an integer corresponding 
to 3 or more. The temporal separation is a logical consequence of the order in which the collections are 
scanned. Such an addressing step increases the number of grey levels which can be produced. 



coutatON 



CM 

O) 
r- 

C0 

o 

a. 

Hi 



\ n 
I " 

* IS 
fS 
/7 
18 
19 
20 
27 



BESSflEiaiSBEGSSEESESEEEEEE 



Ht*7 
r if AMI 
A NO 



E3ESE^33HHaEEEEEEEEEES5 
EEEE5E!53iEa31!EEEEEEEEEE3 



EEEESEEEEEEEiEJEISJEESEEE 

EEEEEE^5E*3EEEEH!aaCiE353 

EEEEEE3EE!EEESEEEE^0ffiGS 
SEESEESEEESSEEEEEiESlSlE 



7/ftC 



FlG.2 



Xerox Copy Centre 



EP 0 319 291 A2 



DISPLAY DEVICE 



The present invention relates to a display device and particularly but not solely to a liquid crystal 
display. ) 

In an existing group time-multiplex addressing technique for a display having rows of pixels, as -i 
5 disclosed in our copending European Patent Application No. 0261901A, the addressing includes setting 
simultaneously groups of the rows, each group consisting of a plurality of rows spaced apart in the 
addressing sequence such that the rows in a group form a series with adjacent rows having a temporal 
separation in the addressing sequence exhibiting a binary progression. For two-bit multiplexing, this 
technique provides a display with four grey levels. When this is combined with a scheme addressing a pixel 
io with two separately energisable areas (known as "spatial-dither"), a display with sixteen levels can be 
achieved. 

An object of the present invention is to provide a group time-multiplexing technique which can provide 
an increased number of grey levels in a display. 

The present invention provides a method of operating a display device having a lattice of pixel elements 
75 each selectably settable, the method comprising:- 
receiving a signal representing a picture for display; 

and time-multiplex addressing collections of pixel elements a plurality of address times for each picture; 
wherein the addressing step includes setting a group of collections, said group consisting of a plurality of 
collections spaced apart in the addressing sequence such that the collections in said group form a series 

20 with adjacent collections having a temporal separation in the addressing sequence exhibiting a geometric 
progression with a common ratio N being an integer corresponding to 3 or more. 

After being addressed, the pixel elements remain, or are maintained, set until the next addressing 
occurs. Thus the time duration of a pixel being set depends on the temporal separation in the addressing 
sequence between the collection of that pixel and the next collection in the group, this separation having a 

25 geometric progression relationship in a group as hereinbefore indicated. Thus the addressing means 
operates to set a collection for a first predetermined time interval in one address for a given picture, and 
then to set the collection for a second predetermined time interval in another address for that picture, 
thereby providing differing setting times for different addresses of a collection for a given picture. 

Preferably each pixel element has a number of selectively settable states and N is equal to said 

30 number of states. Accordingly, by equating the orders of group time multiplexing and of spatial dither, 
maximal efficient and effective operation of both techniques can be achieved for a given number of grey 
levels required. 

According to another aspect of the present invention there is provided a display device comprising: 
a lattice of pixel elements, each selectively settable in dependence on a respective part of a signal 
35 representing one picture for display; 

and means for effecting time-multiplex addressing of collections of pixel elements according to a predeter- 
mined sequence, each collection being addressed a plurality of address times for each picture; 
wherein the addressing means includes means for setting a group of collections, said group consisting of a 
plurality of collections spaced apart in the addressing sequence such that the collections in a group form a 
40 series with adjacent collections having a temporal separation in the addressing sequence exhibiting a 
geometric progression with a common ratio N being an Integer corresponding to 3 or more. 

The present invention enables the effective addressing of a lattice of bi-stable settable pixel elements 
without requiring additional lines and drivers, or high resolution spatial dither techniques or extremely fast 
switching times. * 
45 Preferably, a pixel comprises one or more liquid crystal cells. 

The present invention is applicable to colour displays and to monochrome displays. 

Another aspect of the present invention provides equipment suited and/or designed for the generation 
of signals of a format for a display device embodying the present invention, for example of a format as 
described and shown herein. Further aspects of the present invention provide equipment suited and/or 
so designed for the transmission of such signals, equipment suited and/or designed for the reception of such 
signals, and equipment for the processing of such signals. Thus, for example, the present invention 
embodies a driver integrated circuit which is suited and/or designed for the addressing of a display device 
in the manner herein described. 

As indicated elsewhere in this patent specification, N can have any integral value above, and including, 
3; particularly advantageous values include 4, 8 and 16 as these provide particularly effective and efficient 
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operation with spatial-dither techniques having the orders of (i.e. the number of separately-settable areas 
per pixel) 2, 3 and 4 respectively. 

In order that the invention may more readily be understood, a description is now given, by way of 
example only, reference being made to the accompanying Figures of which: 
5 Figure 1 shows the number of grey levels which can be obtained in an example of a scheme 

provided in accordance with the present invention: 

Figure 2 shows schematically an addressing scheme provided in accordance with the present 
invention; 

Figure 3 shows a block dagram of a circuit for putting the invention into effect; 
io Figure 4 shows a block circuit diagram of a display device provided in accordance with the present 

invention; 

Figure 5 illustrates the addressing of collections of rows in the device of Figure 4; 

and Figure 6 shows typical column waveforms for a matrix-array type addressing method. 

75 The example concerns a technique for implementing greyscale on a display with a set of discrete 
brightness states, such as a ferroelectric liquid crystal display employing spatial dither. 

For a display with pixels each having N brightness or selectively settable states the number of 
perceived brightness states i.e. grey levels is increased by using time dither, that is to say that the pixels 
can be moved from one state to another in a pattern such that intermediate brightness levels are perceived. 

20 A convenient way of doing this is by using a set of M time periods whose lengths differ by a factor of N. 
The pixel can then be set at a different brightness levels during each time period giving N M available 
brightness or grey levels. Thus, the technique operates in a number base which is set by the number of 
states that a given pixel on the display can be in. Matrix addressed displays are written line by line and this 
has to be taken account of when allocating the weighted time periods. 

25 Figure 1 shows the number of grey levels which can be obtained with a scheme in which N = 4 and M 
= 3. The three time periods are Do, Di and O2 with D2/D1 = Dt/Do = 4. Each pixel can be in one of four 
light output states 0, 1, 2, 3 in each time period. The grey level for a light output is given by adding T to 
the light output i.e. when the light output is zero, then the grey level of the pixel is 1 . 

In the matrix addressing scheme according to the present invention, the weighted time periods D 0 , D1 

30 and D2 are achieved as a logical consequence of the order in which the rows are scanned as shown in 
Figure 2. To achieve this, a signal representing a picture for display comprises a plurality of portions each 
representing the data for setting a pixel element in the lattice. Each such portion is constrtued by a plurality 
of sections or bits, a section representing the addressing data for the pixel element in respect of one 
address in that picture. Thus, the number of sections in a portion is equal to the number of address times 

35 for which any pixel element is addressed for one picture, e.g. In the scheme of Figure 2, each portion 
comprises three sections 02, Dt , Do and each pixel element is addressed three times for one picture. For a 
scheme with M time period whose lengths differ by a factor of N, the minimum number of rows in the 
display device is 

40 (N M -1) 

(N-l) 



Accordingly, a display device operated by this scheme preferably has a number of rows equal to a 
multiple x of 

(N-l) 

50 

Where x is greater than one, the lattice of pixels can be divided into minifields or collections of rows, 
preferably with the number of rows in a collection equal to x. (In the case where x = 1, the collection 
comprises one row). 

55 Referring to Figure 2, this shows schematically the matrix-addressing of a scheme involving base-four 
group time multiplexing with pixel brightness being represented by bits D2, Di, D 0 (3-bit time dither in base 
four), each pixel having two selectively-settable areas giving four states (2-bit spatial dither). The upper case 
'D*s represent a collection being written with that bit while lower case 'd's represent data still displayed due 
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to testability of the pixel elements (e.g. liquid crystal cells). The display is divided as shown, into 21 
collections of rows as shown. 

In the first group-address period, the first collection of rows has the least-signifcant bit Do written to it 
(this involves writing the two bits of spatial dither, these bits representing 4 levels). Similarly collection 5 has 

5 its second most significant bit Di written to it and collection 21 has its most-significant bit D 2 written up. * 
Now, in the second group-address period, the addressed collections have moved one collection of rows 
down the display. Thus for example, collection 2 now has its least-significant bit Do written to it, collection 6 
now has its secondmost-significant bit Di written and now collection 1 (which is the collection after 
collection 21) has its most-significant bit addressed. 

w Note that collection 1 has now had its least-significant bit over-written, so that least-significant bit was 
on display for one group-address period only. Similarly row 5 has its secondmost-significant bit on display 
for four group-address periods and collection 21 has its most-significant bit on display for sixteen collection 
group address periods. This means that data written to collections of rows is displayed for a period of time 
corresponding to the significance of the bit displayed. 

15 When a collection of rows is addressed, four levels must be set for the base 4 scheme. This is done by 
employing two bits of spatial dither with the areas of the two areas scaled in the ration 2:1, these two areas 
must be addressed in parallel. 

It can be seen from the diagram that a full 64 level grey-scale picture can be built up in 21 group- 
address periods. 

20 Thus scheme differs from the existing group time multiplex technique in that the addressing sequence 
now follows a base 4 period i.e. 1:4:16, and so on. instead of 1:2:4 for the existing technique. This results in 
a different interval of time between readdressing of a particular collection of rows. An existing group time- 
muitiplex scheme with three bits of time dither allows 8 grey-levels to be displayed whereas a scheme 
embodying the present invention with two bits of spatial dither and 3 bits of time dither allows 64 grey- 

25 levels to be displayed. 

Thus, in a general N, M non-sequential group addressing scheme, the required brightness at each pixel 
on the display is first converted to base N. During the first group address interval the first group of 
collections of lines is written to. Row collection numbers 

30 (N k -1) 



are members of this group for k e(1 ....M). 

Each pixel in each of these collections of rows has the kth digit of the base N representation of its 
brightness written on it Thus pixels in the first collection of rows have their least significant digits written to 
them and pixels in row collection N + 1 have their next most significant digit written to them, and so on. In 
the following group address intervals successive groups are written to in a similar fashion. Successive 
groups are obtained by adding 1 module j + 1 to the collection number of each member of the previous 
group, where j is the total number of collection of rows. 

The order in which the row collections within a group are written is chosen to minimise the errors 
introduced by the finite switching speed of the pixel elements. The total error decreases as N increases. 
The rows within each collection of rows can be written to in any sequence so long as this sequence is 
maintained each time they are written to. 

In a preferred arrangement the rows in a particular collection are adjacent to each other. The picture 
store can therefore be addressed in collections instead of single rows, so reducing the number of address 
operations. Figure 3 is a block circuit diagram for a display device in which the rows are addressed as 
collections containing x rows. 

A signal is received from a video source 2 and stored in a picture store 4 with a capacity to hold a 
sufficient amount of the video signal to represent the display of a complete image, i.e. one picture of the 
video signal. In the scheme of the present example, the picture store holds 8 bits per pixel. The least 
significant bit and bit 2 control the spatial dither of two subpixels which form a pixel having four selectively 
settable states. The other six binary bits correspond to the bits D2, D 1t Do in base 4. In this way, the 
conversion of the required brightness at each pixel to base N is made simply by using two binary bits. 
Thus, preferably N = 2 y where y is an integer for ease of information storage and manipulation. 

Data is accessed from the picture store 4, each bit then being stored in one of eight RAMs 6 depending 
on its significance. Data is then retrieved from the RAMs 6 in a fashion suitable to write a bit of a particular 
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.significance to a collection of rows of the display in one operation. The resultant signals are passed to 
control circuits and pixel drivers which operate on a lattice of pixels. 

Figure 4 shows a display device with a lattice of pixel elements (indicated generally at 20) and a first 
versatile shift arrangement 22 for selecting the addressing of the rows via a plurality 23 of drivers and XOR 
5 gates and a second versatile shift arrangement 24 for selecting the addressing of the columns via a plurality 
25 of drivers and XOR gates. Each versatile shift arrangement 22, 24 comprises first register means 26, 28 
and second register means 30, 32. A control input 34 to the second register means 30 for addressing the 
rows is held high so that this register means 30 is in bypass mode. A control input 36 to the second 
register means 32 for addressing the columns is held low so that this register means 32 is effective as a set 
io of transparent latches. 

If the second register means 30 is in bypass mode, then information present in a stage of the first 
register means 26 determines whether or not the corresponding stage in the second register means 30 is 
bypassed or can be enabled. 

A signal Is received from a video source 38 corresponding to one picture in length and stored in a 
rs column data RAM 40. The order in which the pixels are to be written is determined by an address ROM 41 . 
A mask data ROM 42 determines the position of the members of a group to be addressed in a non- 
sequential group addressing scheme according to the. present invention. This information is loaded serially 
into the first shift register means 26 of the row versatile shift arrangement 22. A strobe bit from a scan data 
ROM 44 is loaded into the second shift register means, its position determining which of the rows or 
20 collections of rows is to be strobed as outlined below with respect to Figure 6. 

Figure 6 shows how the collections of rows are to be strobed using the versatile shift arrangement 22 of 
Figure 5. The first column indicates the position of collections of pixel elements and the associated register 
stages of the first register means 26 and second register means 30. The second set of columns indicates 
the information present in the register stages of the first register means 28 at times tt, U and t7- The third 
25 set of columns indicates the output of the corresponding stages of the second register means at times tt to 

As M = 3, the group of collections to be addressed in any addressing step consists of three members. 
The position of each member of the group for time ti is loaded into the appropriate stages of the first 
register means as bits *1\ the other stages in the first register means being loaded with bits '0'. The strobe 

ao select bit is clocked along the second register means. If the input to a stage of a second register means 
from the respective stage of the first register means is low, i.e. contains a bit '0\ then that stage is 
bypassed. If the Input to a stage of a second register means from the respective stage of the first register 
means is high, i.e. contains a bit T. then that stage is enabled and the corresponding collection of pixel 
elements i strobed. Thus, at time ti , collection 1 is strobed. At time fe, the strobe bit would be clocked to 

35 strobe collection 2 but this stage in the second register means has been bypassed as the respective stage 
in the first register means contains a '0*. Accordingly, the strobe bit is passed to the next stage in the 
second register means which has not been bypassed. This stage is 5 so collection 5 is strobed at time fc. 
Similarly at time b, collection 21 is strobed. After time ta, all the members of the group have been strobed 
and so a signel clock pulse to the first register means moves the positions of the whole group along by one 

40 position, and the addressing continues. Thus, the order in which the collections is addressed is 1 , 5, 21 , 2, 
6, 1 , 3, 7, 2 etc. The first register means is effective as a mask to specify which of the stages in the second 
register means should be bypassed. 

When clock pulses of frequency f from a source 46 are applied to the column data RAM 40 via the 
address ROM 41 , data for pixels of the next collection to be strobed is loaded serially into the first shift 

45 register means 28 of the column versatile shift arrangement 24 and hence is present at the output of the 
register stages of the second shift register means 32. Accordingly if the number of pixels in a row is n, then 
a clock pulse of frequency f/n is applied to the second shift register means 30 of the row versatile shift 
arrangement 22 to clock the strobe bit and a clock pulse of frequency f/nm is applied to the first shift 
register means 26 to move the positions of the members of the group along by one. (the value of m is 

so determined by the particular non-sequential group addressing scheme used). A multiplex controller 48 
controls the waveforms to be produced by the column drivers and XOR gates 23, 25 in response to the 
data loaded into the versatile shift arrangements 22, 24. 

The outputs of the stages in the second register means are connected to the inputs of exclusive-or 
(XOR) gates, which is particularly advantageous for arrangements 24 used in column drivers. The truth table 

55 for an XOR gate is shown below. 
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Input 1 


Input 2 


Output 


0 


0 


0 


0 


1 


1 


1 


0 


1 


1 


1 


0 



to In a matrix-array type addressing method in which collections or rows of pixel elements are strobed, the 
waveform applied to a column determines whether or not the pixel at the intersection of the strobed 
collection and that column is 'on' or 'off. Figure 7 shows an example of a column 'on' and a corresponding 
column 'off waveform. As can be seen, each waveform 50, 52 can be divided into subwaveforms 50a, 50b; 
52a f 52b of the same shape but a different polarity. Thus, if a negative polarity subwaveform 50a, 52b is 

75 produced by a stage with a '0* output and a positive polarity subwaveform 50b, 52a is produced by a stage 
with a T output it is possible to generate the required waveforms at the column drivers by loading in a '0' 
or a 'V at the appropriate register stage to generate the subwaveform of the correct polarity. The output of 
the register stage is connected to the input of an XOR gate follows the Input. The other subwaveform can 
then simply be generated by changing the other input of the XOR gate to 'V. 

20 In any one picture it will be possible to differentiate N M grey levels; however this may not be adequate 
to display the full dynamic range of brightness levels with particular values of N and M in successive 
pictures, since very bright or very dark pictures will lose contrast and fade out. As an alternative to 
increasing the values of N or M there may be used an adaptive greyscale scheme in which the mean 
brightness level of the preceding field sets the reference voltage of a 4-bit A/D converter. The analogue 

25 signal is converted by the A/D converter so that the 4-bits scale the range of brightness in the previous 
picture ensuring that N M grey levels can always be resolved in each picture; This is achieved by detecting 
some defined mean brightness level of the previous frame; the level is compared with the 100% brightness 
level in a step comparator which then provides a variable reference voltage to scale the brightness levels. 
To vary the brightness level on the display in accordance with the adaptive scaling, the collections in a 

30 group are scaled over a fraction of the address line. Address lines outside the group are blanked by a 
blanking pulse applied in the form of an additional bit of information at the end of the period displaying the 
most significant bit. This decreases the group write time available. This adaptive feature essentially provides 
an automatic contrast and brightness adjustment so that at least N M grey levels can always be resolved in 
any scene irrespective of brightness. 

35 Modifications to the embodiments described and within the scope of the present invention will be 
apparent to these skilled in the art. 



Claims 

40 

1. A method of operating a display device having a lattice of pixel elements each selectably settable, 
the method comprising:- 

receiving a signal representing a picture for display; 

and time-multiplex addressing collections of pixel elements a plurality of address times for each picture; 
45 wherein the addressing step includes setting a group of collections, said group consisting of a plurality of 
collections spaced apart in the addressing sequence such that the collections in said group form a series 
with adjacent collections having a temporal separation in the addressing sequence exhibiting a geometric 
progression with a common ratio N being an Integer corresponding to 3 or more. 

2. A method according to Claim 1 wherein each pixel element has a number of selectively settable 
so states and N is equal to said number of states. 

3. A method according to Claims 1 or 2 wherein said signal representing a picture includes a plurality of 
portions each representing data for setting a respective pixel element in the lattice, each such portion 
comprising a plurality of sections, each section representing addressing data for said respective pixel 
element in respect of one address time for that picture whereby the number of address times equals the 

55 number of sections. 
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4. A method according to Claim 3 wherein the addressing step includes the step of setting alt the pixels 
of a first collection of said group in accordance with respective first sections of pixel data and, sequentially 
within a defined address period, the step of setting all the pixels of a second collection of the group in 
accordance with respective second sections of pixel data. 
5 5. A method according to any one of the preceding claims wherein the lattice comprises a number of 
rows of pixel elements and said number of rows is a multiple of 



where M equals said number of address times. 

6. A method according to Claim 5 wherein each collection comprises a plurality of adjacent rows. 

7. A method according to Claims 5 or 6, each collection comprising a plurality of rows, wherein the- 
number of rows In each collection is the number of rows in the lattice divided by 

(N M -1) 
(N-l) 



8. A method according to any one of Claims 1 to 5 wherein each collection comprises a single row of 
pixel elements. 

9. A method according to any one of the preceding claims further comprising the step of producing a 
25 value for a mean brightness level for a first picture and effecting scaling of sections of pixel data for each 

group in the next picture in accordance with said value for said first picture. 

10. A display device comprising 

a lattice of pixel elements, each selectively settable in dependence on a respective part of a signal 
representing one picture for display; 

30 and means for effecting time-multiplex addressing of collections of pixel elements according to a predeter- 
mined sequence, each collection being addressed a plurality of address times for each picture; 
wherein the addressing means includes means for setting a group of collections, said group consisting of a 
plurality of collections spaced apart in the addressing sequence such that the collections in a group form a 
series with adjacent collections having a temporal separation in the addressing sequence exhibiting a 

35 geometric progression with a common ratio N being an integer corresponding to 3 or more. 

11. A display device according to Claim 10 wherein each pixel element has a number of selectively 
settable states and N is equal to said number of states. 

12. A display device according to Claims 10 or 11 wherein the lattice comprises a number of rows of 
pixel elements and said number of rows is 

40 

(N-l) 



where M equals said number of address times. 

13. A display device according to Claim 12 wherein each collection comprises a plurality of adjacent 
rows. 

14. A display device according to Claims 12 or 13, each collection comprising a plurality of rows, 
50 wherein the number of rows in each collection is the number of rows in the lattice divided by 

(N M -1) 
(N-l) 

55 

15. A display device according to any one of Claims 10 to 12 wherein each collection comprises a 
single row of pixel elements. 
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